Abstract. Ulcerative colitis (UC) is a chronic inflammatory bowel disease that is associated with both genetic and environmental factors; however, the underlying pathogenesis of UC remains unclear. The present study aimed to further explore 12 microarray datasets from patients with UC obtained from the Gene Expression Omnibus repository, for potential genetic pathogenesis of UC through a global bioinformatics view, which included identification of differentially expressed genes (DEGs), functional enrichments, protein-protein interactions, transcriptional and post-transcriptional regulation and drug-gene associations. This integrated analysis screened 233 DEGs that were compared between UC and normal control tissue samples; these included 173 upregulated and 60 downregulated DEGs. Subsequently, transcription factors, such as TATA-binding protein 1 (TBP1; hsa_TATAAA_V$TATA_01) and nuclear factor-κB (NF-κB; hsa_V$NFKAPPAB_01) and microRNAs (miRNAs; such as miR-516-3p and miR-23a) were revealed to be associated with 233 DEGs. Notably, further analysis indicated that these DEGs were enriched in certain diseases, including inflammation, fibrosis and immune system diseases, and were also associated with some drugs, including prednisone, collagenase and mycophenolate mofetil, which may provide choice for treatment of UC. In conclusion, this study may provide novel insights into discovering potential molecular targets involved in the pathogenesis and treatment of UC.
Introduction
Ulcerative colitis (UC) is one of 2 major phenotypes of inflammatory bowel disease (IBD), whose etiology is associated with a complex interplay between genetics, the immune system and environmental factors such as enteric microflora (1, 2) . UC is associated with chronic colonic inflammation and damage to the mucosal surface, which commonly induces hematochezia and abdominal pain (1, 2) . The incidence of UC has been recorded as 9 to 20 cases per 100,000 people each year, and the prevalence rate as 156 to 291 cases per 100,000 people in both North America and Northern Europe (2) . UC is clinically characterized by alternating periods of remission and relapse. Colectomy rates associated with postoperative morbidity and mortality, and the increasing incidence of colorectal cancer in the chronic intermittent course of UC must be taken into account when considering treatments (3) . To date, the best treatment strategies for UC includes the early use of biological agents such as infliximab, more frequent monitoring when therapy is initiated and maintenance care; these have increased the number of patients with UC who have achieved clinical remission and even endoscopic remission (4) . In addition, important candidate genes and causal genetic variants of UC, including ring finger protein 186, caspase recruitment domain family member 9 and PR/SET domain 1, have been identified by a genome-wide association study (5) . However, the underlying pathogenesis and pivotal molecular interactions of UC require further exploration.
Recently, the roles of several key molecules, such as prostaglandin-endoperoxide synthase 2 (PTGS2; also known as COX-2), interleukin-23 receptor, mucin-2 and C-X-C chemokine receptor type 3, have been examined in UC to some extent (6) (7) (8) (9) . However, the pathogenesis of UC involves a number of biological processes, such as gene expression alteration, and transcriptional and post-transcriptional dysregulation. Studies of the molecular interactions based on differentially expressed genes (DEGs) by hypergeometric method are popular and provide a certain level of confidence for exploration of UC pathogenesis. Therefore, the present study used an integrated analysis approach that combined gene expression profiling, functional enrichments, protein-protein interactions (PPIs), transcriptional and post-transcriptional regulation, and drug-gene associations to identify biological molecular interactions in UC. This study may provide novel insight into the molecular targets involved in the pathogenesis and treatment of UC.
Materials and methods

Data resources.
A total of 12 microarray data sets were downloaded from the Gene Expression Omnibus database (www.ncbi.nlm.nih.gov/geo), which included GSE3365 (10), GSE36807 (11), GSE37283 (12), GSE38713 (13), GSE42911, GSE 47908 (14) , GSE 48634 (15), GSE 48959 (16), GSE59071 (17) , GSE6731 (18) , GSE71730 (19) , and GSE9452 (20) (Table I ). The microarray data sets were selected according to following criteria: i) Expression profiling by array contain that compare samples from patients with UC and normal group; ii) samples in the UC group were obtained from patients whom did not receive any interventions or treatments; and iii) DEGs were statistically significantly different between the UC group and the normal control group, with a threshold of P<0.05 indicating a statistically significant difference and |log 2 (FC)|>1, where FC is fold change.
Data set preprocessing and DEG identification. Expression profiling microarrays were preprocessed by background correction and normalization, followed by statistical analysis to identify the DEGs between the UC group and the control group, which was conducted using the limma package in R (www.bioconductor.org/packages/release/bioc/html/limma. html) (21), a commonly used bioinformatics method to identify DEGs. Each DEG had to meet both P<0.05 and |log2(FC)| >1. The identified DEGs from each data set were overlapped for further bioinformatics analysis.
Functional enrichment and analysis of DEGs. Functional enrichment was classified into two groups, Gene ontology (GO) function annotation and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis. The Database for Annotation, Visualization and Integrated Discovery (DAVID; version 6.7; www.david.ncifcrf.gov) provides a comprehensive set of GO function annotation and pathway enrichment analysis to understand the biological meanings of large lists of genes (22) . In this study, DAVID was used to explore the functional enrichments of DEGs including GO and KEGG. P<0.05 indicated significant functional annotations and pathways.
Construction and visualization of PPI networks among DEGs.
PPIs are reflected as interactions between DEGs, which indicate upstream and/or downstream associations, including direct (physical) and indirect (functional) ones. In the present study, the online server Search Tool for the Retrieval of Interacting Genes (STRING; version 10; www.string-db.org/) was used to explore these interactions (23) . DEG pairs were identified by a combined score of >0.4, which was used to evaluate the level of interactions between DEGs with the following scoring system: i) <0.4, low confidence; ii) 0.4 to 0.7, medium; iii) >0.7, high (24) . These DEGs were subsequently chosen to construct PPI networks, which were further visualized with Cytoscape v3.4.0 software used for visualizing bimolecular interaction networks (25) .
Regulation and drug-gene associations of DEGs.
The biological function of a gene is regulated at the transcriptional and post-transcriptional level by transcription factors (TFs) and micro RNAs (miRNAs), respectively. Genes associated with disease, drug-gene associations, TF targets and miRNA targets of DEGs were predicted using the Web-based Gene Set Analysis Toolkit (WebGestalt 2013; www.webgestalt .org/webgestalt_2013/) (26) . The present study explored these enrichment analyses using a hypergeometric statistical method and the top 10 results are presented based on significance level Table I . Characteristics of the expression profiling microarray data sets analyzed in this study.
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Normal controls (P<0.05). The regulatory networks were constructed and visualized by Cytoscape v3.4.0 software (25) .
Results
Microarray data sets and identification of DEGs.
A total of 12 expression data sets were used in the present study, which comprised 307 samples from patients with UC and 167 samples from healthy control patients; all patients were from Western populations (Table I) . Following screening and overlapping of data sets, 233 DEGs were identified, including 173 upregulated and 60 downregulated DEGs. The DEGs were revealed to be associated with a number of diseases, such as inflammation, infection, fibrosis, chronic disease, immune system diseases, necrosis, respiratory tract infections, virus diseases, rupture and bronchiolitis (Table II) . Tables III and IV, respectively . Notably, the chemokine signaling pathway was enriched by 13 DEGs (Fig. 1) , which has been previously verified as important pathway in UC (9,27,28).
Construction of PPI networks associated with DEGs.
PPIs between DEGs were investigated by STRING, and a total of 608 protein-protein interactions were identified. Based on these protein-protein pairs, PPI networks were constructed involving 173 upregulated DEGs and 60 downregulated DEGs (Fig. 2) . In this network, S100 calcium-binding protein A9 (S100A9), UDP-glucuronosyltransferase 1A (UGT1A), CD44, caspase 1 (CASP1), signal transducer and activator of transcription 1 (STAT1), secreted phosphoprotein 1 (SPP1), N-formyl peptide receptor 1 (FPR1), S100A8, interleukin 1β (IL1B), suppressor of cytokine signaling 3 (SOCS3), matrix metalloproteinase (MMP) 9, MMP7, annexin A1 (ANXA1) and alcohol dehydrogenase 1B (class I), β-polypeptide had higher node degrees and were defined as hub genes of PPI networks (Fig. 2) .
Regulatory networks of DEGs. As for TF-targeted and miRNA-targeted DEGs, which serve pivotal roles in transcriptional and post-transcriptional regulation, a number of significant regulators of DEGs were identified in UC. Based on the WebGestalt data, the top 10 miRNAs (miR) including miR-516-3p, miR-203, miR-27a, miR-27b, miR-494, miR-196a, miR-196b, miR-23a, miR-23b and miR-377 were predicted to regulate some DEGs. In this interaction network, 10 miRNAs involving 47 miRNA-DEG regulatory pairs were constructed, which included 6 downregulated DEGs and 18 upregulated DEGs (Fig. 3) . Among the DEGs, the expression of MARCKS and GREM1 were predicted to be co-regulated by miR-27a, miR-27b, miR-23a and miR-23b, whereas the overexpression of KLK10 was predicted to be co-regulated by miR-377 and miR-516-3p. TF-DEG regulatory networks were also analyzed, the top 10 identified TF-DEG interactions are presented in Fig. 4 . Among these identified TFs, TATA-binding protein 1 (TBP1; hsa_TATAAA_V$TATA_01), nuclear factor-κB (hsa_V$NFKAPPAB_01) and ETS proto-oncogene 2 (ETS2; hsa_RYTTCCTG_V$ETS2_B) exhibited the highest degree and were considered as important TFs in the present study, which may be potentially important in the underlying pathogenesis of UC.
In addition, the top 10 drugs associated with DEGs were identified (Fig. 5) . Notably, these drugs included mycophenolate mofetil and prednisone, which are immunosuppressive drugs used for UC treatment in clinical practice. These results may provide some considerations for choosing medicine therapy for patients with UC. Moreover, the results suggested that these two immunosuppressive drugs may be associated with corresponding DEGs, such as the common genes, lipocalin 2 and ATP-binding cassette, sub-family B (MDR/TAP), member 1 (Fig. 5) .
Overall, a number of molecular interactions were identified and predicted from DEGs. For example, collagen type I α1 (COL1A1) is an upregulated gene in patients with UC, and is associated with fibrosis and collagenase, which suggested that patients with UC with increased COL1A1 expression may be more likely to develop fibrosis and collagenase therapy may be effective in this group of patients (Fig. 5) . COL1A1 is a profibrotic gene that was demonstrated to be co-regulated by three transcription factors (Fig. 4) , including TBP1 (hsa_TATAAA_V$TATA_01), TBPC (hsa_V$TATA_C) and activator protein 1 (AP1; hsa_TGANTCA_V$AP1_C), and three miRNAs (Fig. 3) , such as miR-196a, miR-196b and miR-516-3p. GO analysis revealed that COL1A1 may serve a role in responses to nutrient levels, extracellular stimuli, organic substances and hormone stimuli (Table V) . Additionally, COL1A1 was significantly associated with the ECM-receptor interaction pathway and the focal adhesion pathway (Table VI) .
Discussion
Data from the present study indicated that numerous genes are differently expressed in UC tissue compared with normal control tissue. For a better understanding of these DEGs, the mechanisms of UC need to be identified via integrated bioinformatics methods. Hence, the present study established an integrated analysis based on a combination of gene expression profiling, PPIs, transcriptional and post-transcriptional regulation data and drug-gene associations. For example, compared with non-UC controls, S100A9 was demonstrated to have a significantly increased expression in UC tissue; increased S100A9 expression has been previously linked to colonic mucosal immune and defense responses (12, (29) (30) (31) (32) . In addition, S100A9 expression was able to distinguish UC from diarrhea-predominant irritable bowel syndrome and correlated with the UC disease activity index (31) . S100A9 was also reported to be upregulated in Crohn's disease (29) . Similarly, the matrix metallopeptidase 9 (MMP9) gene was also upregulated in UC tissue in the present study. Notably, in a previous study of experimental UC (33) , the increased activity of MMP9 was demonstrated to diminish significantly by treatment with mesalamine, which is an effective drug in patients with UC. ANXA1, a phospholipid-binding protein, exhibited increased expression when patients with UC were under antitumor necrosis factor (TNF)-α therapy (34) . Furthermore, following administration of ANXA1 receptor antagonists, experimental colitis in TNF receptor 1 -/-mice was exacerbated (35) . ANXA1 may be able to stimulate epithelial cell migration for restitution and wound healing process (36) . Another study revealed that ANXA1 expression was upregulated in intestinal epithelial cells of biopsies from patients with active UC when received medically induced remission (34) . The increase of ANXA1 expression was diffuse and was associated with the degree of mucosal inflammation and the rate of cell turnover at any given time. These data suggested that ANXA1 expression serves a crucial role in the early recovery of colitis (34) (35) (36) (37) . In agreement with the results of previous studies (38) (39) (40) , aquaporin 9 (AQP9), C-X-C motif chemokine ligand (CXCL) 2 and nicotinamide phosphoribosyltransferase (NAMPT) were previously revealed to be differently expressed and discriminated between patients with UC and healthy controls. In addition, the expressions of CXCL9 and S100A8 have been demonstrated to be upregulated in UC, which involved cytokine-cytokine receptor pathway dysregulation (39) . High SOCS3 expression in intestinal epithelial cells of patients with UC in remission was reported to increase the risk of relapse by regulating IL-22-induced expression of deleted in malignant brain tumors 1 (DMBT1) and c-Myc, as well as proliferation and migration of intestinal epithelial cells (38) . Many of the upregulated genes were enriched in the GO subcategories of immune response and inflammatory response. Immune system homeostasis maintains the appropriate reactions to commensal bacteria and against pathogenic invasion; the pathogenesis of UC has been closely associated with immune disorders, which manifest as chronic nonspecific intestinal inflammation (41) . A previous study identified AQP9, CXCL2 and NAMP expressions were associated with the inflammatory response (40) . Hair and enhancer of split 1 was previously reported to promote the IL-22-mediated antimicrobial response and encoding antimicrobial peptides, such as regenerating islet-derived protein (REG) 1A, REG3A and REG3G which are involved in STAT3-dependent transcription in UC (42) . These peptides were observed in the GO subcategory of 'inflammatory response' in the present study. The nucleotide-binding oligomerization domain (NOD)-like receptor signaling pathway and the Toll-like receptor (TLR) signaling pathway have both been previously reported to be associated with UC (43) , and both were enriched in upregulated genes in this study. Numerous clinical and experimental studies have shown that the intestinal microbes are important for the initiation and progression of UC, and are involved in the activation of pattern recognition receptor signaling through members of the TLR-like and NOD-like families (44, 45) .
TFs and miRNAs are important regulators of the accuracy of gene expression at the stage of transcription and post-transcription, respectively. Therefore, TFs and miRNAs with their targets were used to construct an integrated regulation network in a cooperative manner in the present study. For example, COL1A1 was demonstrated to be associated with three TFs and three miRNAs. In addition, COL1A1 expression was previously reported to be increased in inflammation-driven intestinal fibrosis of UC (46) , which was consistent with the predictions by the present study of the genes associated with the disease. Intestinal fibrosis is a common complication of IBDs, occurring in 5% of UC patients (47) . Notably, COL1A1 expression in the present study also exhibited a significant relationship with collagenase in the analysis of genes associated with drug.
PTGS2 serves a key role in regulating the inflammatory response upon luminal pathogen stimulation through the Toll-like receptors. Carriers of PTGS2 polymorphisms were reported to have an increased risk of UC (48) (49) (50) , which suggested that PTGS2 may be a better biomarker to diagnosis UC; and a previous study revealed that PTGS2 expression was significantly different between patients with UC-related neoplasm and UC controls (51) . Data from the present study indicated that PTGS2 was regulated by miR-101 and TF hepatocyte nuclear factor 1 (HNF1; hsa_V$HNF1_C); however, further experimentation is required to confirm these relationships.
In conclusion, the present study used a novel integrated analysis method to predict molecular interactions that regulate DEGs in patients with UC. The integrated analysis identified a series of molecules such as TFs and miRNAs, which may serve an important role in the pathogenesis of UC. In addition, these findings may provide potential biomarkers for diagnosing UC, and target drugs were identified for providing more precise therapy according to relevant DEGs. Focal adhesion ECM, extracellular matrix; FDR, false discovery rate.
